Ketofol', the single-syringe combination of ketamine and propofol (50 mg of ketamine and 90 mg of propofol in a 10 ml syringe) is becoming increasingly popular for short procedures, progressively replacing the more traditional use of ketamine and diazepam in some settings. This audit examined the haemodynamic, emergence and other characteristics of ketofol administration in 42, otherwise fit, women undergoing bilateral post-partum tubal ligation at Vila Central Hospital in Vanuatu. The combination of ketamine and propofol had no clinically important adverse haemodynamic effects. Wake-up from ketofol was favourable, with low rates of nausea and minimal emergence delirium. However, 43% of patients required airway support. For short procedures such as post-partum tubal ligation in fit patients, ketofol appears to have minimal adverse haemodynamic effects and favourable emergence characteristics.
Ketamine provides both anaesthesia and analgesia with relatively little effect on airway maintenance and ventilation, but with the accompanying problems of hypertension, tachycardia, salivation and emergence delirium in many cases 1, 2 . Various adjuvants have been used to minimise these side-effects [2] [3] [4] [5] . The traditional approach has been the concomitant use of benzodiazepines, especially diazepam, which has been shown to reduce the haemodynamic and psychotropic effects of bolus ketamine 2, 3, 6, 7 . The single-syringe combination of ketamine and propofol, 'ketofol', represents a relatively new approach to overcoming these problems and is becoming increasingly popular for short procedures in and out of the operating theatre [8] [9] [10] [11] . Propofol's advantages include rapid onset and offset, antiemetic qualities and ease of use, but at the expense of respiratory depression, hypotension and the absence of analgesic properties 8, 12 . Conceptually, combining ketamine and propofol should provide the advantages of both while counteracting each other's adverse effects to provide anaesthesia, analgesia, amnesia, haemodynamic stability and a trouble-free emergence 9, 12 . The aim of this paper was to examine the haemodynamic and emergence characteristics of ketofol given via single bolus for a single standard short surgical procedure in our operating theatres.
Methods
Following local review committee approval (Ref. No.: KETOAUG2013) for an observational audit of our standard routine practice, American Society of Anesthesiologists scale I to II female Melanesian patients aged between 24 and 42 years, with body weights between 53 and 100 kg undergoing bilateral post-partum tubal ligation within the clinicaleffect span of a single-bolus dose of ketofol were observed. Bilateral post-partum tubal ligation was performed through a small subumbilical incision. This is a commonly performed, short-duration procedure in our institution and likely to be completed within the clinical-effect span of a single injection of ketofol. Patients were excluded if they had known hypertension, ischaemic heart disease, chronic renal failure or mental disturbance, or if they were taking antihypertensives or sedative/anxiolytics. Patients were unpremedicated and atropine was not used. Local anaesthetic was administered to the incision site by the surgical team immediately post induction, prior to surgical incision.
Resting heart rate (HR), systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded in theatre prior to drug administration, using a non-invasive automated sphygmomanometer. Patients received a bolus dose of fentanyl 1 μg/kg, followed by 0.1 ml/kg of ketofol. The ketofol mixture was 1 ml of racemic ketamine (50 mg/ ml) and 9 ml of propofol (10 mg/ml) combined in a 10 ml syringe, to produce a final mixture of ketamine 5 mg/ml and propofol 9 mg/ml. Hence, 0.5 mg/kg of ketamine and 0.9 mg/kg of propofol were administered to each patient. This is the current standard anaesthetic regimen for this procedure at Vila Central Hospital.
HR, SBP and DBP were recorded every three minutes post injection for the first 15 minutes, with a final reading at 20 minutes. Mean HR, mean SBP and mean DBP were compared to baseline values using two-sided Student's t-tests, (GraphPad Software, San Diego, CA, USA) 13 . Unless otherwise indicated, results are expressed as mean (standard deviation).
Clinical management was as standard for Vila Central Hospital. All anaesthesia was provided by senior anaesthetic technical officers familiar with the technique and the procedure. Monitoring included pulse oximetry, electrocardiography and automated blood pressure monitoring as above. All patients received supplemental oxygen administered via Hudson mask. If needed, airway support was provided via chin lift initially and then bag and mask if necessary. At the completion of the procedure, patients were taken to a post-anaesthesia care unit (PACU) where, each minute, trained observers tapped the patient's forearm and asked them to raise their arm. The patient's time to purposeful response was recorded. The PACU area was not darkened and the patients were not isolated. As the patients recovered, they were asked if they felt nauseous (1=nil nausea, 2=mild nausea, 3=moderate nausea, 4=vomited once, 5=vomited more than once), if they had dreamt (yes or no) and if yes, the quality of the dream (1=very bad, 2=bad, 3=neutral, 4=good, 5=very good). Patients were also asked if they would be happy to receive the same anaesthetic again (1=very unhappy, 2=unhappy, 3=neutral, 4=happy, 5=very happy).
Prior to discharge, the observers recorded an overall impression of the patient's recovery in three areas, viz: rest (1=very calm, 2=calm, 3=restless, 4=very restless, 5=extremely restless), talk (1=very quiet, 2=quiet, 3=talked a little, 4=talked a lot, 5=called or cried out) and delirium (1=definitely not, 2=no, 3=perhaps, 4=yes, 5=definitely yes). These three ratings were combined to produce a total emergence score. Patients were considered fit for discharge when they were able to care for themselves, had adequate pain control, were free of nausea and were able to respond to the observer's questions. The time to discharge from PACU was recorded.
Results
Data were collected from 42 patients. The mean (standard deviation) of the patients' ages and weights were 33.6 (4.2) years and 74.4 (12.8) kg, respectively. The baseline HR was 79 (12) bpm, which fell to a low of 76 (13) bpm at 6 minutes (P=0.23) and rose to a high of 79 bpm (11) at 12 minutes (P >0.99). The baseline SBP was 130 (11) mmHg, which fell to a low of 128 (12) mmHg at 3 minutes (P=0.51) and rose transiently to a high of 143 (15) mmHg at 9 minutes (P <0.01). The DBP was similarly stable. No patients required vasopressors, antihypertensives or other haemodynamic interventions.
Eighteen of the 42 patients (43%) required airway support. Twelve patients (29%) reported dreaming. Dreams were generally pleasant with a mean dream score of 4.1 (0.9). Patients tended to be restful and quiet, with little or no delirium. Rest, talk and delirium scores were 1.5 (0.5), 1.8 (0.8) and 1.4 (0.7) , respectively. The overall mean recovery/emergence score was 4.6 (1.4) out of 15.
Mean nausea score was 1.1 (0.3), mean satisfaction score was 4.1 (0.5), mean time to obey commands was 20 (6) minutes from administration of the bolus dose and mean time to discharge from PACU was 31 (11) minutes.
Discussion
The findings from our audit reassure us that ketofol is easy to use and provides stable haemodynamics and favourable emergence characteristics for this type of procedure in otherwise fit post-partum women.
Ketamine-propofol mixtures have previously been shown to be compatible in various combinations for at least three hours 14 . The mixture used here was prepared and administered almost immediately. Our mixture results in approximately half the ketamine dose commonly recommended to induce anaesthesia. This of its own is likely to produce a smaller rise in blood pressure than large doses. A slightly delayed rise in SBP and DBP occurred but, as expected, this was not large enough to be clinically important or to require intervention. The delay in SBP rise post ketamine has been observed in other work 6 . Along with the smaller dose of ketamine, it seems likely that the hypotensive effect of propofol also contributes to a reduction in the pressor response of ketamine. It was our impression that, overall, the SBP increases were substantially less than would otherwise be expected when using diazepam as the adjuvant 6 .
Similarly, the absence of a significant change in HR with ketofol is noticeable. At no time was there any significant difference in the mean HR when compared against mean baseline levels. This is a major difference between the haemodynamics of ketamine and diazepam versus ketamine and propofol.
The percentage of patients who dreamt while under the influence of ketofol (29%) was surprisingly low and compares favourably against ketamine 1 mg/kg used with diazepam 0.1 mg/kg previously reported 6 . The dreams were generally perceived as good. Nausea and emergence delirium scores were all low and overall patient satisfaction was high. Generally speaking, our patients were grateful to receive medical care and this may have influenced the high satisfaction rate.
The mean time from injection of ketofol to discharge from recovery was 31 (11) minutes. This corroborates with our impression that once patients start to wake up, they wake briskly and are rapidly ward-ready. This is a significant advantage in locations where PACU staff and space are limited. When using diazepam with ketamine, patients tend to be sleepier and stay in PACU longer 15 .
The ideal ketofol mixture is unknown but ketamine 5 mg/ml and propofol 9 mg/ml is well suited to short procedures such as post-partum bilateral tubal ligation. It appears to provide reliable anaesthesia, relatively crisp wake-up, minimal problems with nausea or delirium and a smooth haemodynamic profile. These favourable attributes come at the cost of shorter duration than perhaps other combinations such as ketamine and diazepam. We also observed a higher rate of patients requiring airway support than we previously observed with a ketamine and diazepam combination-necessitating the attendance of personnel skilled in airway management during the use of ketofol. However, we did not directly compare our use of ketofol to any other technique.
Conclusion
The results of our audit suggest that for short procedures such as post-partum tubal ligation in fit patients, ketofol appears to have minimal adverse haemodynamic effects and favourable emergence characteristics.
